Introduction
Ectopic eruption of permanent teeth can in some cases lead to root resorption of adjacent teeth; this feature is most frequently described in connection with palatal impacted upper canines.
Ectopic eruption of canines has been reported to occur in approximately 1.5-2 per cent of the population (Thilander and Jakobsson, 1968; Ericson and Kurol, 1986 ) and more frequently in females, at a ratio of 2:1 (Power and Short, 1993) . Palatal impaction is seen in 85 per cent of the population and buccal impaction in 15 per cent. Resorption of the roots of adjacent permanent incisors has been reported in 48 per cent of patients with ectopic eruption of upper canines, the sex ratio being 1:1 (Ericson and Kurol, 2000) .
Prevention of root resorption is sometimes possible, but frequently requires interceptive, surgical and orthodontic intervention. In young adolescents with palatally impacted canines and uncrowded arches, it has been demonstrated that early extraction of the primary predecessor can correct the canine displacement in 64-91 per cent of patients, depending on the degree of displacement (Ericson and Kurol, 1988) . However, in subjects with pronounced canine overlapping of the nearest incisor and crowding of the arches, the outcome of removal of the primary canine is less successful (Power and Short, 1993) .
A recent study suggested that ectopic eruption of the first upper molars was significantly related to ectopic eruption of the maxillary canines (Bjerklin et al., 1992) .
It was, however, not known if these patients had an increased risk of root resorption of the maxillary incisors.
The prevalence of ectopic eruption of the first upper permanent molar is reported to vary between 2 and 6 per cent (Bjerklin and Kurol, 1981) . Furthermore, as ectopic eruption of the first upper molar has been found to be more common in siblings (19.8 per cent), an hereditary aetiology has been suggested (Bjerklin et al., 1992) .
A recent study has demonstrated that agenesis, dental malformation, and abnormal eruption are associated with an increased risk of root resorption (Kjaer, 1995) . A scientific explanation for this association has not been given. It has been suggested that the ectoderm could be involved in this pattern of abnormal development (Kjaer, 1995) .
Root resorption of a permanent incisor gives rise to greater concern than root resorption of a primary molar. It is questionable whether destruction of the incisor could be avoided by earlier diagnosis and intervention.
The purpose of this study was to examine the relationship between these two types of root resorption and to elucidate if pathological root resorption of the maxillary second primary molar could be an early warning of an increased risk of ectopic canine eruption leading to root resorption of the maxillary permanent incisors.
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Subjects and methods
The subjects consisted of 30 patients, 22 females and eight males, in the age range 8.3-15.0 years. Seven belonged to a group with eruption disturbances referred to the Department of Orthodontics, Copenhagen University during the years 1993-2002. The remaining 23 were especially referred from larger municipal dental clinics at the request of the Department of Orthodontics, University of Copenhagen. The criteria for inclusion were root resorption on the maxillary lateral and/or central incisor caused by the erupting permanent canine, and that clinical and radiographic information existed concerning maxillary first molar eruption.
Results
All 30 patients had root resorption of the upper lateral and/or central incisors. The sex ratio was 2.8:1 (female: male). Seven subjects (23.3 per cent) had ectopic molar eruption, two were from the group referred during 1993-2002 and five were from the group of 23 who were referred later on request. Three of these patients are shown in Figures 1-3 . Two had ectopic eruption of both first molars, the remaining five only one molar. In one patient the contralateral molar was ectopic (Table 1) .
The degree of resorption differed in the 30 patients; in some cases the resorption was very pronounced, and the onset as early as 8 years 3 months (Table 1, Figure 1 ).
Discussion
Due to the severity of problems related to canine impaction, thorough supervision and early diagnosis are important. Factors that predispose to root resorption could therefore be useful as reliable guidelines in the clinic.
It has been shown that a higher degree of displacement of the canine increases the risk of root resorption (Ericson and Kurol, 1988) . In addition there seems to be an association between more advanced root formation of the canine and development of incisor root resorption. A larger dental follicle or radicular cyst was thought to increase the risk of root resorption. However, in a study of follicle size in two groups of patients with ectopic canines, one which developed root resorption and the other which did not, follicular enlargement was not significantly different between the two groups ( Ericson and Kurol, 1988) . In fact, close contact between the ectopic canine and the adjacent incisor root is often seen in root resorption cases (Ericson and Kurol, 2000) .
Resorption on the roots of the maxillary incisors is often difficult to diagnose on intra-oral radiographs or dental tomograms, especially when the resorption is buccal or lingual. A recent study has shown that computerized tomography (CT) reveals significantly more resorption injuries than conventional intra-oral radiographs (Ericson and Kurol, 2000) .
In the present study, 23.3 per cent of the patients had ectopic eruption of the first maxillary molar with root resorption of the second primary molar prior to root resorption of the incisors caused by the maxillary canine. This indicates that ectopic molar eruption might be related to an increased risk of later root resorption on the incisors and, furthermore, that there might be a biological factor predisposing to ectopic eruption and pathological root resorption. In this study, intra-oral radiographs and dental tomograms were used when diagnosing incisor resorption. Considering the finding that 53 per cent more resorptions are diagnosed when using CT (Ericson and Kurol, 2000) , it is possible that the association between resorption of primary molars and incisors may be higher.
One question that arises is why the primary teeth are easily resorbed, whereas only rarely are the permanent teeth resorbed, even though they are often in close contact. This may be due to degenerative changes taking place in the periodontal ligament (PDL) prior to the start of resorption. This may also explain the high incidence of infraoccluded primary teeth. The early pathological resorption of the upper primary molar in connection with later incisor root resorption could be due to a hereditary weak PDL, which offers only poor protection of the root.
There is evidence that agenesis, short roots, taurodontism and invaginations predispose to root resorption (Kjaer, 1995) .
During tooth formation, the ectoderm layer plays an essential role. The dental follicle, enamel, cementum and the PDL are all ectodermally derived. It is therefore possible that a biological/genetic dysfunction of the ectoderm might influence both tooth development and 188 K. B. BECKTOR ET AL. tooth eruption. This also explains the connection between an increased risk of root resorption and tooth malformation. It is possible that a biologically weak PDL in both the primary and permanent dentition would increase the risk of pathological root resorption of the upper primary molars and permanent incisors. The PDL has, in re-implantation studies, been demonstrated to be essential in protection against root resorption. Traumatized incisors are likewise increasingly predisposed to root resorption in apparently normal canine eruption situations (Kurol et al., 1997) .
The connection between ectopic molar eruption and impacted upper canines has been described previously (Bjerklin et al., 1992) , but not the relationship between root resorption of the incisors and ectopic eruption of the first maxillary molar. However, in a recent study concerning ectopic canines and incisor root resorption, ectopic molar eruption can be observed, although not mentioned, in two of the figures (Rimes et al., 1997) .
